Women with diabetes have a higher breast cancer incidence and mortality. They are also significantly less likely to undergo screening mammography and present with more advanced stage than women without diabetes. The purpose of this study was to examine if women with diabetes are more likely to have delays in follow-up of abnormal mammograms, compared to women without diabetes. Using population-based health databases, this retrospective cohort study examined women between the ages of 50 and 74, with and without diabetes, living in the province of Ontario, Canada, who underwent screening through a centralized program and who had an abnormal mammogram between 2003 and 2012. We compared rates of follow-up of a diagnostic test within 180 days, as well as likelihood of mastectomy or excision procedure and a diagnosis of breast cancer. Following an abnormal screening mammogram, 97.5% of women with diabetes had a diagnostic procedure within 180 days compared to 97.9% of women without diabetes. After adjustment for other factors, women with diabetes were only 3% less likely to have follow-up testing after an abnormal mammogram than women without diabetes (hazard ratio [HR] 0.97, 95% CI: 0.96-0.99, P < 0.001). The majority of Ontario women who underwent screening mammography through a centralized screening program had timely follow-up of an abnormal mammogram, with no meaningful delays in those who had diabetes. The results of this study suggest that diagnostic delays after screening do not significantly contribute to higher breast cancer mortality in women with diabetes.
Introduction
Evidence suggests that women with diabetes are more likely to be diagnosed with postmenopausal breast cancer, present at an advanced stage, and have increased all-cause mortality after being diagnosed with breast cancer, compared to women without diabetes [1] [2] [3] [4] [5] [6] . Although effective screening has been shown to decrease breast cancer mortality in postmenopausal women, those with diabetes are less likely to undergo regular mammograms [7] [8] [9] [10] [11] . Even if a screening mammogram is performed, an abnormal test needs to be followed-up in a timely
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Delays in follow-up and diagnosis are associated with an increase in rate of cancer progression and decrease in survival [12] [13] [14] . Previous studies have identified various factors as barriers to timely follow-up of abnormal mammograms, including poor self-rated health, limited health care access, rural residence, age, race, socioeconomic status, lack of coordinated care, and competing health care demands [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In addition, there is accumulating literature suggesting that the competing demands of complex, chronic diseases such as diabetes interfere with attention to other unrelated clinical services [27] [28] [29] [30] . While several studies have shown lower rates of mammograms in women with diabetes, no study to our knowledge has examined whether diabetes is a barrier for adequate follow-up of abnormal mammograms [7, 8, 11, 31, 32] .
The aim of this study was therefore to examine if women with diabetes are more likely to have delays in follow-up of abnormal mammograms, compared to women without diabetes. In addition, we examined whether other factors such as burden of chronic disease, socioeconomic status, immigration status, and rural residency influence the association between diabetes and follow-up of abnormal mammograms.
Subjects and Methods

Study design and population
This was a retrospective, population-based, matched-cohort study, of women between the ages of 50 and 74, with and without diabetes, living in the province of Ontario, Canada. We included those who participated in the Ontario Breast Cancer Screening Program (OBSP) and had an abnormal screening mammogram result between 1 January 2003 and 30 June 2012. The age group was chosen to reflect Cancer Care Ontario's guidelines for breast cancer screening, which advise a bilateral mammogram every 1 to 3 years [33] . The OBSP offers time-appropriate breast cancer screening for all asymptomatic eligible Ontario women; approximately 60% of screening is performed through this service [34] . Physician referral is not required to participate in the program and all participants are automatically notified of screening results. Women who had a previous mastectomy, a diagnosis of breast cancer, or resided in a long-term care facility were excluded from the study. Women with an abnormal mammogram were identified using the Ontario Breast Screening Program (OBSP) database as described above. An abnormal mammogram was defined as a recommendation for further testing by the screening radiologist [35] . Patients with a previous diagnosis of breast cancer were identified from the Ontario Cancer Registry (OCR). Patients with a record in the Ontario Diabetes Database (ODD) were classified as having diabetes, based on a validated algorithm using hospitalization or physician claims records [36] . These datasets were linked using unique encoded identifiers and analyzed at the ICES.
Data sources
Procedures
All women in Ontario aged 50-74 years who had an abnormal mammogram recorded in the OBSP between 1 January 2003 and 30 June 2012 were identified. The date of each subject's first abnormal mammogram was the index date for entry into the study. Next, women who had diabetes based on inclusion in the Ontario Diabetes Database prior to index were selected. Each woman with diabetes was then matched on age to two women without diabetes who had an abnormal mammogram during the same year.
Outcomes
The primary outcome was an appropriate follow-up diagnostic test after an abnormal mammogram, which may include a second mammogram, ultrasound, MRI, fineneedle aspiration, or core biopsy [37] . Our primary outcome was defined as the first record of one of these tests in the OHIP claims and OBSP databases within 180 days after the date of the abnormal mammogram. We chose 180 days as the maximum follow-up duration because over 97% of women in Ontario are diagnosed with breast cancer within 6 months following an abnormal mammogram result [37] . We also examined the cumulative incidence of follow-up diagnostic testing at the following time windows: 14, 35, 49, 60, and 90 days. Secondary outcomes were a mastectomy or excision procedure within 180 days, and a diagnosis of breast cancer in the Ontario
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Cancer Registry within 180 days after an abnormal screening mammogram.
Other covariates
Covariates included recent immigration, rural residence, socioeconomic status, and comorbidities. Subjects were identified as recent immigrants if they had resided for less than 10 years in Canada. They were identified as having a rural residence based on postal codes. Socioeconomic status was based on median neighborhood income levels. We categorized individuals into neighborhood income quintiles by linking their postal code data with Canadian census data on median household income levels by neighborhood of residence [38, 39] . Weighted comorbidity scores were derived using the Johns Hopkins Adjusted Clinical Group Case-Mix assignment software and a two-year look-back period [40, 41] . Data on specific comorbidities were obtained from the OHIP database and the CIHI-DAD, to identify patients with ischemic heart disease, congestive heart failure, hypertension, chronic kidney disease, chronic obstructive pulmonary disease, and stroke, using previously validated algorithms [42] [43] [44] [45] [46] [47] .
Statistical analyses
We used descriptive statistics to compare baseline characteristics between women with and without diabetes. We used Cumulative Incidence Functions (CIFs) to estimate the incidence of follow-up testing, after accounting for the competing risk of death, in women with and without diabetes separately [48] . For our primary analyses, we used a cause-specific hazard model to examine whether women with and without diabetes have different rates of follow-up testing after adjusting for patient characteristics. The robust sandwich-type, variance estimator was used to account for the matched nature of the cohort. We performed a similar analysis for secondary outcomes to compare the hazard of follow-up diagnosis of breast cancer or mastectomy procedure between women with and without diabetes. Multivariable regression models were adjusted for socioeconomic class, rural residence, weighted comorbidity score, and recent immigration to Canada.
Ethics
The Institutional Review Board at Sunnybrook Health Sciences Centre in Toronto approved this study.
Results
A total of 225,907 women met the inclusion criteria. For this study we included the 28,171 women who had diabetes at the time of the abnormal mammogram; they were then matched 1:2-56,342 women without diabetes (total 84,513). Baseline characteristics for both groups of women are presented in Table 1 . The mean age at inclusion was 61 years for both groups. Women with diabetes were more likely to have immigrated to Canada in the last 10 years, belong to a lower socioeconomic status, and have a higher weighted comorbidity score than those without diabetes.
Following an abnormal screening mammogram, 97.5% of women with diabetes had an appropriate diagnostic procedure within 180 days compared to 97.9% of women without diabetes (Table 2) . A diagnostic test was performed within 14 days of the mammogram in 50.8% of women with diabetes and 51.4% of women without diabetes ( Table 3 ). The median time interval between the abnormal 1 Based on neighborhood median household income derived from census data and postal codes. 2 Rural residence defined as a dissemination area with less than 10,000
residents. 3 Recent immigrant defined as immigration to Ontario less than 10 years prior to index date. 4 Based on physician claims and hospitalizations in the previous 2 years from Johns Hopkins Aggregated Diagnosis Groups (ADG).
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mammogram and a follow-up diagnostic test was 14 days (IQR 8-22) in both groups (Table 4 ). The first test was a mammogram, ultrasound, or both in 97.2% of women with diabetes and 97.6% of women without diabetes. An excision or mastectomy was performed in 9.6% of women with diabetes and 8.8% without diabetes, and breast cancer was diagnosed in 6.3% and 5.9% with and without diabetes, respectively. Of those women diagnosed with breast cancer, the median time interval from abnormal mammogram to diagnosis in women with diabetes was 32 days (IQR 20-52) compared to 30 days (IQR 17-49) in women without diabetes (Table 4) .
Using cause-specific hazard models, women with diabetes had slightly lower rates of subsequent diagnostic testing after abnormal mammograms than women without diabetes ( Table 5 ). The adjusted hazard ratio (HR) of follow-up for women with compared to without diabetes was 0.97 (95% CI: 0.96-0.99, P < 0.0001). There was a statistically significant difference in rates of breast cancer diagnosis between the two groups with women with diabetes being more likely to be diagnosed with cancer (HR 1.07, 95% CI: 1.01-1.14, P = 0.02). Women with diabetes were also modestly more likely to have an excision or mastectomy than those without diabetes (HR 1.09, 95% CI: 1.04-1.14, P = 0.0006). Note the univariate HR was identical to the multivariable HR, and therefore the findings are unlikely due to overfitting. There were also modest statistical differences in follow-up based on rural residence, income, immigration status, or comorbidity (Table 5 ).
Discussion
Women with diabetes are more likely to present with advanced-stage breast cancer and have a higher mortality after breast cancer compared to women without diabetes [5, 6] . This large, population-based study examined whether delays in follow-up of abnormal mammograms in women with diabetes might contribute to this excess mortality. In a universal health care setting among women undergoing screening mammography through a centralized program, we found that over 95% of women had appropriate follow-up of an abnormal test within 6 months and 50% of tests done within 14 days. Although women with diabetes were 3% less likely to have follow-up testing after an abnormal mammogram compared to women without diabetes, we did not find any clinically meaningful delays in follow-up for women with diabetes even when we adjusted for age, socioeconomic status, rural residence, burden of comorbidities, and immigration status.
For those women who were diagnosed with breast cancer, the majority were diagnosed within 1 month and having diabetes was associated with only a median 2-day delay in diagnosis. Our findings suggest that, in a screened population enrolled in a centralized breast cancer screening program, diabetes is not a significant barrier to followup of abnormal mammograms. This is the first study to our knowledge that assessed the influence of chronic disease on follow-up of abnormal mammograms. Most studies have explored the influence of sociodemographic and health care factors. Poor selfrated health, limited health care access, rural residence, age, race, socioeconomic status, lack of coordinated care, and competing health care demands have all been shown to decrease follow-up rates of abnormal mammograms [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In contrast, our study found only modest effects of sociodemographic variables, rural residence, or comorbidity on follow-up of abnormal mammograms. This finding may be because our study was conducted within a universal health care access setting, which may have minimized these barriers. It is possible that the presence of a chronic disease such as diabetes might contribute to diagnostic delays in other health care settings, and further studies are warranted.
We found high overall follow-up rates after an abnormal mammogram, which are consistent with other recent reports. A 2011 American study found that the median time from abnormal screening mammogram to follow-up was 13 days, which is comparable to our result of 14 days [25] . In that report, 1% of abnormal screening mammograms did not receive any follow-up within 180 days, compared to 2.3% of women in the present study. These high overall follow-up rates may have minimized any differences due to diabetes or other factors (ceiling effect). Our population was also limited to women who sought breast screening through the Ontario Breast Cancer Screening Program. This program has a dedicated approach to recall and follow-up of patients, and women who use this service may have higher overall health literacy and are more likely to advocate for follow-up. This may explain both the high rates of follow-up and lack of differences between risk groups.
Previous studies have found that diabetes poses a significant barrier to adequate breast cancer screening [7, 8, 11, 31, 32] . Our group has shown that women with diabetes are less likely to undergo screening mammography than those without diabetes, even within the Ontario Breast Cancer Screening Program [11] . However, this study did not show a similar trend for diagnostic testing once women were screened. This may be because the highest risk for care gaps related to competing health care demands is during the referral process and access to appropriate services, rather than follow-up after services have been accessed. Our population was also limited to women who had already received breast cancer screening, who may be those at lower risk of inadequate care. Those patients and providers who are compliant with routine screening may also be more apt to ensure timely follow-up of abnormal results.
The strengths of this study include the use of validated algorithms and databases, and a large, well-characterized, and multiethnic population receiving health care through a uniform delivery system. However, there are limitations. First, we were not able to assess the influence of important factors such as diabetes control, breast cancer risk factors, or provider practice patterns. As a corollary, we cannot determine whether rates of false positives or missed cancers differ in patients with diabetes. Second, because of the nature of a retrospective cohort study, our findings cannot exclude selection bias -women who volunteer to undergo screening mammography are also more likely to follow-up with abnormal results. Furthermore, by limiting the primary outcome to the first diagnostic test after an abnormal screen, the study does not address the issue of incomplete follow-up or quality of follow-up. In addition, because the study was conducted using population-based health care databases, data on BMI and education were unavailable. Finally, our population was limited to women who had their mammograms performed through the Ontario Breast Cancer Program in whom close to 100% follow-up was assured. We were not able to determine whether similar trends exist for those women who had their mammogram through traditional radiology centers.
In summary, our study found that the vast majority of Ontario women who received a mammogram through a centralized breast screening program have timely followup of an abnormal mammogram with no meaningful differences based on diabetes. These findings are reassuring, and do not support diagnostic delays after screening as a significant contributor to higher breast cancer mortality in women with diabetes. As our study was limited to a dedicated breast cancer screening program with universal health care access, further studies will be needed to examine this question in other health care settings. 
